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INTRODUCTION 


The ever changing world of electronics has not left the 
arena of motor conirol untouched. Today there are numerous 
system topologies for motor control depending on the motor 
type and application. Control strategies range from linear 
control techniques to pulse width modulation (PWM) with 
control derived from application specific integrated circuits 
or microprocessors. Often microprocessor based systems 
not only control a motor but interface with other processors, 
memories or terminals. These systems can be very complex. 
Therefore, the focus of this work is on the microcontroller 
based, pulse width modulation technique, applied in a two 
quadrant brushed DC motor drive. 
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LOGIC TO MOTOR 


SYSTEM DESCRIPTION 


A two quadrant motor control system with a user interface 
was constructed to demonstrate the function of a microcon- 
troller in a power conversion system. For more information, 
see application note AN1300 titled, “Interfacing Microproces- 
sors to Fractional Horsepower Motors.” The user interface 
is implemented by a terminal and is used to set the direction 
and speed of the motor. The MC68HC11 is the microcontrol- 
ler used to receive digital communications from the terminal 
and generate the PWM and direction signals. The outputs 
of the MCU are not capable of driving the motor directly, 
however, circuitry has been developed to handle the power 
levels required by a motor drive. The LOGIC to MOTOR 
INTERFACE board, KITDEVB103/D, serves the function of 
translating digital logic signals from the MCU to motor turning 
power. 
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ENTER PWM DUTY CYCLE: 





Figure 1. System Application 
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The PWM signal provides a means of producing a duty 
cycle dependant average moior voltage. This implies that a 
100% duty cycle puts the full rail voltage across the motor 
continuously and the motor spins at full soeed. As the duty 
cycle falls from 100%, the average voltage across the moior 
falls. Consequently, the average current through the motor 
falls, and the motor speed decreases. 

In a two quadrant motor drive the motor turns and 
accelerates in both directions. Controlled deceleration is not 
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possible with this type of drive. Letting the motor coast down 
in speed is the only type of deceleration in a two quadrant 
motor drive. To implement a two quadrant motor drive, four 
power transistors are configured as an H-bridge. To use the 
H-bridge a PWM signal and two direction signals are required 
and are applied as shown in Figure 2. The transistors Atop, 
Btop are used only to control the direction of the motor and 
the bottom transistors, Abot and Bbot, are pulse width 
modulated. 
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Figure 2. Direction Signals 


Current flows in the forward direction when transistor Atop 
is on, Bbot is switching and the other diagonal set are off. 
For the motor to turn in the opposite direction Btop is on, 
Abot is switching with the other transistors off. 

A hazard that isn’t obvious is reversing directions “on the 
fly”. The upper power transistors cannot necessarily take the 
electrical stress of reversing instantaneously. Therefore, in 
two quadrant motor drives the direction is changed only after 
the motor has coasted to a stop. The software is written to 
ensure the motor has stopped before allowing a reversal of 
direction. 


SYSTEM HARDWARE 


The power transistors and the circuitry to drive them on 
and off are on the LOGIC to MOTOR INTERFACE BOARD. 
This board also contains circuitry to prevent any half bridge 
pair (Atop, A bot or Btop, Bbot) of transistors from conducting 
current simultaneously, preventing a catastrophic failure. The 
inputs of this board are compatible with HCMOS logic levels, 
like those of the 68HC11. All the design subtleties of a motor 
drive, from a power standpoint, are addressed in this board. 
Additional information on this board is available within the 
application note AN1300. 

The MCU, in this system, is part of an evaluation board 
unit (6BHC11EVBU). 

The EVBU features include: 


e A means of debugging user assembled code and 
evaluating 68HC11E9 MCU 
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e One-line assembler/disassembler 

e Debugging/evaluating circuitry 

e Host computer downloading capability 

e RS-232C compatible terminal I/O port 

e Single 5 volt supply 

The ’E9 version of the 68HC11 contains the monitor 
program BUFFALO (bit user fast friendly aid to logical 
operations). 

The BUFFALO monitor program consists of five parts: 

e Initialization 

e Command interpreter 

e |/O routines 

e Utility routines 

e Command tabie 

Target system software is easily coded and debugged 
with the EVBU. Several routines available in BUFFALO are 
especially useful and were taken advantage of in this 
application. 

The other significant specifications of the 68HC11E9 are: 

e RAM 

e ROM & k bytes (for BUFFALO) 

e EEPROM 512 bytes (electrically erasable 

programmable read only memory) 

As mentioned previously, the 68HC11E9 is used to 
generate the PWM and direction signals. This MCU is not 
specifically designed to generate signals for motor control 
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applications but can be programmed to do so. The 68HC11 
possesses a timer and a Serial Communications Interface 
(SCI). These are the critical features necessary to perform 
the desired tasks of the system. All programmed code is 
stored in EEPROM, and the MCU begins executing out of 
the reset state. 

The terminal is an RS232 compatible interface. The 
terminal has a 2X40 LCD display, dedicated function keys 
and a numeric key pad. These are all the features necessary 
for communication with the microcontroller in the target 
system. 


PWM SIGNAL GENERATION 


The timer contains five output compare functions 
(0C1,0C2, .... OC5). Each output compare has a 16 bit 
register, a compare flag, a maskable interrupt, and a 
configureable output pin. All timing operations are 
comparisons of the 16 bit count registers (TOC1,TOC2, ..., 
TOC5) to a 16 bit free-running counter, TCNT. Upon a 
successful match to TCNT, a flag is set and a programmed 
action occurs. 


TOC1 is loaded with a value corresponding to the period 
of the PWM signal. When TOC1 matches the counter, the 
OC2 output pin is programmed to be set low. The value in 
TOC1 is then updated by one period, and the successful 
compare flag is cleared. TOC2 contains the count 
corresponding to the pulse width and after its successful 
compare to the counter the OC2 output pin is set high, the 
count is updated for the next period, and the successful 
compare flag is cleared. 

The timer must first be configured to control one output 
pin. To obtain a fixed duty cycle and frequency the oeriod 
and pulse width counts are updated after their successful 
maich to TCNT. The timer is configured to interrupt the MCU 
to update the period count and pulse width count. Therefore, 
two interrupt service routines are needed. 

OC1 is used to control OC2’s output pin (port A 6th bit). 
OC1 is the only output compare capable of controlling any 
of the five output compare output pins. Therefore, OC1 is 
used to sei the output pin high and OC2 sets the pin low. 
To have the desired pin function the OC 1M, OC1D, and TCTL 
registers are set in the initialization portion of the program, 
to the values shown in Figure 3. OC2’s output is pin 6 on 
port A. 


OC1M OC1Mé6| OC1M5| OC1M4|OC1M3 rt | 
0 


1 0 0 


OC1D [9c1D7]0c1D6| 0Cc1D5]0C1D4] 0C1D3 a a 
0 0 0 0 0 

TCTL1 OL2 | OM3 | OCL3] OM4 | OL4 | OMS | OLS 
1 1 


0 0 


0 = $40 


= $00 


0 0 0 0 = $CO 


Figure 3. Timer Registers 


The register OC 1M dictates which output pins are affected 
by setting the corresponding bits to one. The OC1D register 
specifies the state the specified output pins will be set to. 
The TCTL1 register specifies the pin action that will take 


0 


TMSK1 ocsi | oc4i | ocsi | | | 
1 1 0 


place when OC2 occurs. 

To generate the needed interrupts on successful 
compares of TOC1 and TOC2 to the counter, the TMASK1 
register is set as shown in Figure 4. 


= $CO 


Figure 4. Timer Maskable Interrupt Register 


When TOC1 matches TCNT, program execution is 
directed to the appropriate interrupt service routine (ISR). The 
old count in TOC1 is incremented by one period, the OC1 
flag is cleared and the program returns to executing code 
where it left before interrupted. 

The OC2 ISR updates the duty cycle. It also checks the 
user flag (NEWSPEED) and if clear the duty cycle is constant 
and a period is added to TOC2, the OC2 flag is cleared in 
TFLG1, and program execution returns to the point prior to 
the interrupt. If NEWSPEED is set, the pulse width has been 
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changed. Two periods are added to TOC1, the pulse width 
is subtracted, and the result is stored in TOC2. The OC2 flag 
in TFLG1 and the NEWSPEED flag are cleared, and program 
execution returns to the main program. 

When the speed is changed TOC1 is used as a timing 
reference. The double period addition to this count ensures 
that only one PWM cycle will be skipped. If OC2 is missed 
the free-running counter would have to complete a full 16 
bit binary count before a successful compare and interrupt 
sequence. The resulting timing miscue is tremendously 
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larger than one cycle. The subtraction is then performed and 
the new pulse width count is the result. This strategy only 
works if inverted logic is used. (ie: OC1 starts the period by 
setting the output pin low, and OC2 starts the pulse by setting 
the output pin high.) 

It is important to keep ithe ISRs approximately equal in 
length and as short as possible to limit timing latencies. The 
time taken by the MCU to stack and unstack the program 
counter, accumulators, and other registers adds to the time 
necessary for each interrupt. The time to service the 
interrupts limits the maximum frequency of the PWM signal 
to approximately 17 kHz for the software described here. 

The direction signals from the 68HC11 are outputs on Port 
B to the LOGIC TO MOTOR INTERFACE BOARD. Two 
signals, that are complements of each other, are required 
for the interface board to conirol the direction; one signal for 
each top transistor of the H-Bridge. After the direction is 
entered through the terminal the appropriate byte is written 
to the port B output register. 


COMMUNICATION WITH A TERMINAL 


The control governs speed and direction. It makes sense 
to prompt the user for a direction before requesting a speed. 
A function key designates each direction. The direction 
prompt is: 


“ENTER DIRECTION (F1=fwd, F2=rev):” 


Once the direction is entered, the corresponding direction 
signals are placed on port B. Now the speed can be set to 
any percentage of full speed. A current speed message is 
fed back to the user and is displayed as shown: 


“PWM DUTY CYCLE %: XX” 
The prompt for a percent duty cycle (speed) now appears. 
“ENTER PWM DUTY CYCLE %(1-99):” 


After the numbers followed by ENTER have been entered 
a series of number conversions take place. The flag 
NEWSPEED is then set, indicating to OC2’s ISR that the 
pulse width has changed, the PWM duty cycle changes, and 
the motor speed is altered. The program again displays the 
speed prompt and the cycle is repeated. The DEL key is used 
to exit this loop. The direction prompt is then redisplayed, 
and program execution continues from this point. 

The terminal only transmits and receives ASCII 
characters. The function keys also correspond to ASCII 
characters. (eg: F1= $4631). It is up to the MCU to send the 
correct characters to the terminal when displaying prompts 
and messages. The ASCI! representation of the numbers 
must be converted to hexadecimal before the information is 
useful to set PWM parameters. 

To easily communicate through the SCI, the BUFFALO 
routines are used to output data, input data, and to initialize 
the serial port. These routines are: OUTA, OUTSTRG, 
OUTSTRGO, OUTRHLF, OUTLFLF, INCHAR, and the 
initialization routine INIT. The routines can easily be written, 
but to save programming space, it is advantageous to use 


the BUFFALO routines. Descriptions of these routines are 
found in the EVBU user manual. 


NUMBER CONVERSIONS 


The percent duty cycle is entered as a base 10 number 
while the MCU works in hexadecimal. Therefore, a series 
of number conversions occur before a change in speed takes 
place. 

The first step is to convert the ASCII digits (x) sent by the 
terminal to one 8-bit hexadecimal value. If x is a one digit 
number, the conversion: is complete after the four mosi 
significant bits have been masked, since a one-digit decimal 
number is equivalent to a one-digit hex number. If x is not 
a one-digit number, the four most significant bits of each digit 
should be masked out. Then the highest order digit is 
multiplied by $0A (1040). The end of the conversion is to add 
the low order digit to the result of the multiplication. 

Next, the result from the previous step is multiplied by the 
period. The period can be a 16-bit number. Therefore, an 
algorithm for multiplying a 16-bit number by an 8-bit number 
is needed, since the multiply instruction in the 68HC11 
instruction set only handles 8-bit-by-8-bit multiplication. The 
algorithm multiplies hex numbers like decimal numbers as 
shown below. The result of this step is a 24-bit hexadecimal 
number. 














decimal hexidecimal 
74 S4A 
are x$04 
16 $28 
+28 +$10 
296 $128 


The last step in this conversion process divides the 24-bit 
number by 10049 = $6446. The inability of the MCU division 
instruction, IDIV, to perform 24-bit-by-8-bit division brings 
forth the need to write a division algorithm. The highest 16 
bits of the 24-bit number is divided by $64. The integer result 
is the high byte of the pulse width number. The remainder 
is then used as the high byte of the next dividend and the 
low byte is the lowest 8 bits of ihe original 24-bit number. 
A second division by $64 is performed with the integer result 
saved as the low byie of the pulse width number. The result 
is saved in the program variable PWIDTH. 


SUMMARY 


Generating a PWM signal of fixed frequency and duty 
cycle takes very litthe programming code. However, the 
addition of a terminal for user interface significantly adds to 
the program length in the form of number conversions and 
I/O routines. Because the 68HC11 has only 512 bytes of 
EEPROM, considerabie attention was given to saving 
program space. 

The number of clock cycles to complete a multiply or 
divide instruction is of Some concern since an interrupt will 
only occur at the completion of an instruction. The IDIV 
instruction takes 40 MCU clock cycles which can add to the 
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timing latencies of the timer updating process. The ISRs are 
kept as short as possible to decrease any timing latencies. 
It is desirable to PWM above the audible range, 20 kHz, 
however the maximum attainable PWM frequency was 
approximately 17 kHz. 


ADDITIONAL INFORMATION 


A listing of the software described is presented in 
Appendix A. This source code is also available on the 
MOTOROLA freeware bulletin board under the HC11 
directory. The code can be downloaded from the bulletin 
board through a modem. The freeware bulletin board number 
is 512-891-3733. 

Three similar files exist for brushed dc motor drives in the 
HC11 directory. The first is the software described within this 
application note. The second uses the same hardware and 
software algorithms except It is an automatic mode of control. 
It accelerates the motor to full soeed then slows down to zero 
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speed, changes direction and accelerates to full speed, then 
slows to zero. The cycle is continuous and can only be 
stopped by the DEL key on a terminal. The last file is the 
combination of both the first and second. This code gives 
the user the option for either manual or automatic control. 
This program takes more than 512 bytes of memory, and 
therefore, can only be used with an evaluation board with 
sufficient RAM. The code of this last program does not fit 
within the 512 bytes of available EEPROM on the 68HC11E9. 
All programs are well commented for ease of use. 

The LOGIC TO MOTOR INTERFACE BOARD is available 
through MOTOROLA Literature Distribution as 
KITDEVB103/D and is described in AN1300. An ANALOG 
TO MOTOR board with an integrator circuit, to average the 
PWM signal, can also be used with these programs. This 
board is also available through Literature Distribution as 
KITDEVB118/D. Supporting documentation for the analog 
board is contained in the application note AN1301, 
“Interfacing Analog Inputs to Fractional Horsepower Motors.” 
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Main Program 
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Set pwm PERIOD 


Set initial Pulsewidth =O 
PWIDTH = $00 
Display 
Intro Message 
Wait for a key to 
start program Any 
key 
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OC1 ISR 


Begin ISR 


TOC1 = TOC1 + PERIOD 
Clear OC1 flag 


Return from ISR 
yes 
Direction Oc? ISR 
Read input and Begin ISR 
set direction 7 
Prompt for Check 
duty cycle 


newspeed 
Check for 


flag 
DEL 
key 






































Stop motor 
$0 >> PWIDTH 









TOC2 = 2*PERIOD — PWIDTH > 
Clear newspeed flag 





TOC2 = TOC2 + PERIOD 


Clear OC2 flag 


Return from ISR 


yes 


read input and 
convert to hex 


Store new PWIDTH 
set new speed flag 


Figure 5. Software Flowchart 
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SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE 


* Program for the EVBU 

** MMOTOR2 - manual motor operation. With the use of a terminal this program allows a user to 
control the duty cycle percentage of a pwm signal thus controlling the speed of a motor. The 
direction of the motor can also be changed with this program. The program displays menus that 
guide the user. The user will be prompted for a direction then a duty cycle percentage. To 
return to the direction prompt depress the delete key. The function keys are used to indicate 
the direction. Out of reset the program will wait for any key to be depressed after the 
introductory message is displayed before continuing. This program takes advantage of the many 
routines available in BUFFALO for communication I/O and for initialization of the SCI port and 
for the interrupt vectors. The frequency of the pwm signal is a constant and is approximately 
14khz. 


*TIMER REGISTER ADDRESSES 


REGBAS EQU $1000 * Register base 

OC1M EQU Ss0c * OC1 action mask register 

OC1D EQU SOD * OC1 action data register 

TOC) EQU $16 * Output compare 1 register 

TOC2 EQU $18 * Output compare 2 register 

TCT EL EQU $20 * Timer control register 1 

TMSK1 EQU $22 * Timer interrupt mask register 1 
TFLG1 EQU $23 * Timer interrupt flag register 1 
TCNT EQU SOE * Timer counter register 


*BUFFALO I/O AND INITIALIZATION ROUTINE ADDRESSES 


INCHAR EQU SFFCD * Get character from terminal 
OUTCRLF EQU SFFC4 * Output a CR and LF to screen 
OUTSTRG EQU SFFC7 * Output a string 

OTSTRGO EQU SFFCA * Out string w/o preceedin crlf 
OUTA EQU SFFB8 * Output contents of acca 

OUTLHLF EQU SFFB2 * Cnvrt lft nibble to ascii & out 
OUTRHLF EQU SFFB5 * Cnvrt rt nibble to ascii & out 
INIT EQU SFFA9 * Initialize I/O device in IODEV 
VECINIT EQU SFFDO * Initialize vectors 


*ADDITIONAL VARIABLE ADDRESSES AND CONSTANT EQUATES 


AUTOLF EQU SA6 * Auto 1f flag byte 

BAUD EQU $102B * Baud select register 

BPROT EQU S2£035 * Block protect register 

OPTION EQU $1039 * Option register 

EXTDEV EQU SA8 * Buffalo variable O=none, l=acia 
IODEV EQU SAT * Buffalo var O=sci, l=acia, 2=duart 
HOSTDEV EQU SA9 * Buffalo var O=sci, l=acia 

SP EQU SOO6F * Default user stack pointer 

UCCR . EQU SOO6E * Defaul user CCR 

PERIOD EQU $0000 * Program location of constant period 
PERCENT EQU $0002 * Program variable % duty cycle input 
PWIDTH EQU $0004 * Program variable pulse width 
TRIBYTS EQU $0006 * Program 24 bit # location 

FLAGS EQU $0009 * Program flag byte 

PORTB EQU $1004. * Port B address 

EOT EQU $04 * End of transmission 

*PSEUDO VECTOR EQUATES FOR OUTPUT COMPARE INTERRUPTS 

PVOC1 EQU SOODF | 

PVOC2 EQU soO0DC 
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ORG S$B600 Start of EEPROM —— 
LDS #50033 * User’s stack area on EVB 
JSR SETUP 
*INTRODUCTION STATEMENT OUT OF RESET 
LDX #INTRO * Introduction message 
JSR OUTSTRG * Output messasge 
JSR INCHAR * Keep on screen till key depressed 
* * then continue executing © 
URUN JSR INIT OC * Initialize the output compare registers 
CLR PERCENT * Clear percent hi byte 
CLR PERCENT+1 * Clear percent lo byte 
CLI * Enable interrupts 
JSR GET DIR * Display direction prompt & 
* * get direction 
ANOTHER JSR OUTCRLF * Output a cr and 1f 
JSR DSPLASP * Display duty cycle percentage 
LDX #SPDPRMT * Prompt user for duty cycle % 
JSR OUTSTRG * Output prompt _ 
JSR IN_SPD * Get new Duty Cycle% from keybd 
BRSET FLAGS $02 EXIT * Exit if mode flag is set 
JSR BCDHEX * Convert from ascii bcd to hex 
JSR MUL2BY1 * period*percent=tribyts 
JSR DIV3BYT * tribyts/100=pwidth (accd) 
STD PWIDTH * Store result in PWIDTH 
BSET FLAGS $80 * Set the newspeed flag for OC2 
BRA ANOTHER * Repeat 
EXIT SEI * Disable interrupts 
BCLR FLAGS $02 * Clear mode escape flag | 
BRA URUN * Exit to mode prompt routine = 
* 
* SETUP- This subroutine configures the communication port, 
* initializes interrupt vectors, sets the default user stack 
= and ccr, clears program flags, stores the period of the pwm 
sd signal, and sets up the pseudo vectors for the output compares. 
* 
SETUP LDAA #$93 - 
STAA OPTION * adpu, dly, irqe, cop 
CLRA * 0 into acca — 
STAA BPROT * Clear ‘’E9 eeprom block protect 
STAA IODEV * I/O through sci 
STAA EXTDEV * No external device 
JSR VECINIT * Initialize interrupt vectors 
LDX #50047 * $0047 into xX 
STX SP * Default user stack 
LDAA #SD0 * $DO into acca 
STAA UCCR * Default user ccr 
CLR HOSTDEV * Host = sci 
CLR $4000 * Clear D flip-flop location 
JSR INIT * Initialize I/O device 
LDAA #$32 * Change to 2400 baud for terminal 
STAA BAUD 
LDAA #$01 
STAA AUTOLF * Auto 1f when cr occurs on 
LDAA e 
CLR FLAGS * Clear all program flags 


SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE (continued) 


START OF MAIN PROGRAM 
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SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE (continued) 


LDD #S008D * Time between ocl interrupts 
STD PERIOD * Save in period 

*SETUP OF PSEUDO VECTORS*** 
LDAA #S57E * Op code for jump 
STAA PVOCI1 * OC1 pseudo vector 
STAA PVOC2 * a 
LDD #OC1ISR * Address of OC1 interrupt service routine 
STD PVOC1+1 * Finish JMP inst to OC1 routine 
LDD #OC2ISR * Address of OC2 interrupt servic 
STD PVOC2+4+1 * Finish JMP inst to OC1 routine 
RTS 


* 


*INIT OC- This set of instructions initializes ocl and 


* oc2 and sets tocl and toc2 registers. 
INIT OC LDX #REGBAS * Set for indexed addressing 
LDAA #%11000000 * Set OM2 & OML 
STAA TCTLL,; x * OC2 sets its pin hi 
LDAA %01000000 * OC1 affects OC2 pin 
STAA OC1M, xX * Sets OC1 action mask 
CLRA * OC1 sets all OCs low 
STAA OC1D,xX * OC1 action data reg. 
LDD PERIOD * Period into accd 
LSLD * Period times 2 
ADDD TCNT,X * Add 2 periods of TCNT 
STD TOC1, x * Store in OC1 time 
ADDD PERIOD * Add period to OC1 time 
STD TOC2,X * Store OC2 time 
BCLR TFLG1,X %00111111 * Clear OC1, OC2, &0C3 flags 
BSET TMSK1,X %11000000 * Enable OCI & OC2 interrupts 
RTS 


* 


*GET DIR- This subroutine prompts the user for a direction 


* Fl=fwd, F2=rev, then writes the appropriate byte to port b. 
* It also checks for a flag to return to intro message 
GET DIR LDX #DIR_MSG * X points to message 
JSR OUTSTRG * Output message 
JSR INCHAR * Get character from terminal 
CMPA #S46 * Not an ”“F” then invalid repeat 
* terminal is sending ascii 
* F1='$4631’ and F2=’$4632’ 
BNE GET DIR * If "F” then get 2nd character 
JSR INCHAR * Get second character from terminal 
CMPA #$31 = el. 2 
BNE CMPARE2 * =1 then continue, else 2nd compare 
LDAA #S01 * Portb0=1, portbi1=0 
STAA PORTB * Store fwd bits in port b 
BRA BACK * Return from subroutine 
CMPARE2 CMPA #532 weary 
BNE GET DIR * Tf invalid char repeat prompt 
LDAA #502 * =2 then portb0=1, portbi=0 
STAA PORTB * Store reverse bits in port b 
BACK RTS 


*DSPLYSPD-This subroutine displays current % duty cycle message then 


* the current %. Ascii characters are at PERCENT 
* 
DSPLASP LDX #SPDMSG * X points to message 
JSR OTSTRGO * Out message w/o preceeding crlf 
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*IN_SPD- 


+ + + 


IN_SPD 


SETFLG 


SHIFT 


RETURN 


* 


*BCD_ HEX- 
* 


* 


BCDHEX 


TUDGITS 


DONE 
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LDAA 
JSR 
LDAA 
JSR 
RTS 


PERCENT 
OUTA 
PERCENT+1 
OUTA 


* 


* 


* 


* 


SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE (continued) 


Get first character 
Output character 
Get 2nd character 
Output character 


This subroutine takes characters for the new speed as a 


percentage. 


When a cr is received the input is com- 


plete or when more than 2 characters without a cr the 


input is assumed to be 100%. 
location PERCENT (2 BYTES). 


JSR 
CMPA 
BEQ 
CMPA 
BEQ 
STAA 
JSR 
CMPA 
BEQ 
CMPA 
BEQ 
STAA 
JSR 
CMPA 
BEQ 
CMPA 
BEQ 


JSR 
LDX 
JSR 
BRA 
BSET 
BRA 
LDAB 
LDAA 
STD 
RTS 


INCHAR 
#S0D 
IN_ SPD 
#S57F 
SETFLG 
PERCENT 
INCHAR 
#S0OD 
SHIFT 
#S7F 
SETFLG 
PERCENT+1 
INCHAR 
#S0D 
RETURN 
#S7F 
SETFLG 


OUTCRLF 
#SPDPRMT 
OTSTRGO 
IN_SPD 
FLAGS $02 
RETURN 
PERCENT 
#$20 
PERCENT 


+ + FF FF FE FH HF HF HF HE HE HF HF FE HF HF KF KF HF HF HF HF HF HF HF HF F 


The inputs are stored at 


Get 1st input from terminal 

cr? 

If cr then try again 

Del ? 

If del then setflag,else continu 
Save first charcater 

Get 2nd input from terminal 

CR ? 

If cr then only on digit, shift 
DE1 ? 

If del then setflag, else contin 
Save 2nd character 

Need a cr to indicate # entered 
Cr <2 

If cr then return, else continue 
Del ? 

If del the setflag,else continue 


Redisplay prompt, invalid # entered 


Output crlf 

X points to message 

Output message w/o preceeding cr 
Start again 

Set mode escape flag 

Branch to return from subroutine 
Only one digit, char into accb 
Ascii space into acca 

Store double at percent 


This subroutine takes the two bytes at PERCENT 
as an ascii two digit bcd number and converts to a hex equiv- 
alent and returns the result in 


LDAA 
CMPA 
BNE 
LDAA 
ANDA 
BRA 
ANDA 
LDAB 
MUL 
LDAA 
ANDA 
ABA 
RTS 


PERCENT 
#520 
TUDGITS 
PERCENT+1 
#S0F 

DONE 

#S50F 

#SOA 


PERCENT+1 
#S50F 


+ £ + £ FF FF FF FF HF F HF F 


ACCA. 

Get hi byte of ascii bcd number 
If a space then only one digit 
not space then 2 digits 

Only one digit 

Mask out the 4 msbs 

result in acca so done 

Mask out the 4 msbs of hi byte 
Ten into accb 
Acca*accb=accb(result of mul) 
Lo byte of ascii num into acca 
Mask out the 4 msbs of lo byte 
acca+accb=hex number in acca 
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SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE (continued) 


*MUL2BY1- This subroutine multiplies a 2 byte number @ PERIOD 
as a lbyte number located in acca with the result stored 
number located in ACCB with the 


* 


* 


* 


MUL2BY1 


* 


*DIV3BYT- 


* 


* 


DIV3BYT 


* OC1 INTERRUP 
OC1ISR 


TRIBYTS 


PSHA 
LDAB 
MUL 
STAB 
PULB 
PSHA 
LDAA 
MUL 
STD 
PULB 
CLRA 
ADDD 
STD 
RTS 


PERIOD+1 


TRIBYTS+2 


PERIOD 


TRIBYTS 


TRIBYTS 
TRIBYTS 


+ + £ FF F&F F&F FE HF F HF HF HF F 


result stored in location 


Save hex number on the stack 
Get low byte of period 
multiply 

Lowest byte of total result 
Get copy of hex rep of % 

To be added to next mul result 
Get high byte of period 
Multiply 

Store this result in TRIBYTS 
Part to be added to last mul 
Hi byte of accd = 0 

Add accd to last mul result 
24 bit result @ TRIBYTS 


This subroutine divides a 24 bit number @ TRIBYTS 
by a number in X with the result to be in ACCD 


LDD 

LDxX 

IDIV 
PSHB 
XGDX 
PULA 
PSHB 
LDAB 
LDX 

IDIV 
XGDX 
PULA 


RTS 


LDX 
LDD 
ADDD 
STD 
BCLR 
RTI 


TRIBYTS 
#50064 


TRIBYTS+2 
#50064 


T SERVICE ROUTINE 


#REGBAS 
TOC1,X 
PERIOD 
TOCL, X 
TRPOG1, xX “01iTA1id 


* OC2 INTERRUPT SERVICE ROUTINE 


OC2ISR 


NEWPW 
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LDX 
BRSET 
LDD 
ADDD 
STD 
BCLR 
RTI 
LDD 
ADDD 
ADDD 
SUBD 


#REGBAS 

FLAGS $80 NEWPW 
TOC2,X 

PERIOD 

TOC2,X 

TFLG1,X %10111111 


TOG] 5.x 
PERIOD 
PERIOD 
PWIDTH 


+ + £ FF F 


+ + +£ + HF F 


+ + + 


+ ££ FF + ££ FH FH FE HE HF FF F F 


Get upper 16 bits of dividend 
Load X with divisor 

Divide 

Save remainder 

Put quotient in accb 
Remainder as hi byte in accd 
Save hi byte of result 

Get last byte of dividend 
Load X with divisor 

Divide 

Quotient of 2nd div in accb 


‘Get hi byte of total result 


Total result now in accd 


Set for indexed addressing 
Get old OC1 time 

Add one period 

Store next OC1 time 

Clear OC1 flag bit 


Set for indexed addressing 
bra if newspeed flag set 
Get old OC2 tim 

Add a period 

Store next OC2 time 

Clear OC2 flag 


Use time for ocl as reference 
Add a period 

Add a second period 

Subtract pw % to get oc2 
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SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE (continued) 


STD TOC2, * Store next oc2 time 
BCLR FLAGS %10000000 * Clear newspeed flag 
BCLR TFLG1,X %10111111 * Clear OC2 flag 
RTI 
* 
*MESSAGES 
* 
INTRO FCC MC68HC11/ICePAK MOTOR CONTROL’ 
FCB SOD 
FCB EOT 
DIR MSG FCB SOD 
FCC ‘ENTER DIRECTION (Fl=fwd, F2=rev): ’ 
FCB EOT 
SPDMSG FCC ‘PWM DUTY CYCLE %: ’ 
FCB EOT 
SPDPRMT FCC ‘ENTER PWM DUTY CYCLE %(1-99): ’ 
FCB EOT 
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